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(57) ABSTRACT

A method adjusting a user interface experience for a device
that includes providing a user interface to retrieve a user
input, providing a tactile interface layer that defines a surface
and includes a volume of fluid and a displacement device 10
that manipulates the volume of fluid to deform a particular
region of the surface into a tactilely distinguishable formation
retrieving a user preference between a first type, location,
and/or timing and a second embodiment, location, and/or
timing through the user interface, and manipulating the vol-
ume of fluid to deform a particular region of the surface into
a tactilely distinguishable formation of one of the first and
second type, location, and/or timing is disclosed.
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1
METHOD FOR ADJUSTING THE USER
INTERFACE OF A DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/465,737, filed 7 May 2012, which is a continuation of
U.S. application Ser. No. 12/830,426, filed on 5 Jul. 2010 now
issued as U.S. Pat. No. 8,243,038, which claims priority to
U.S. Provisional Application No. 61/223,003 filed 3 Jul. 2009
and U.S. Provisional Application No. 61/303,214, filed 10
Feb. 2010, all of which are incorporated in their entirety by
this reference.

This application is related to U.S. application Ser. No.
11/969,848, filed on 4 Jan. 2008, and U.S. application Ser.
No. 12/319,334, filed on 5 Jan. 2009, which are both incor-
porated in their entirety by this reference.

TECHNICAL FIELD

This invention relates generally to touch sensitive user
interfaces, and more specifically to a new and useful mount-
able systems and methods for selectively raising portions of
touch sensitive displays.

BACKGROUND

The user interface system of U.S. application Ser. Nos.
11/969,848 and 12/319,334 is preferably used as the user
interface for an electronic device, more specifically, in an
electronic device that benefits from an adaptive user interface.
The user interface system functions to provide a tactile guide
and/or feedback to the user. Because of the variety of devices
and uses that the user interface system may be used for, for
example, an automotive console, a tablet computer, a smart-
phone, a personal navigation device, a personal media player,
a watch, a remote control, a trackpad, or a keyboard, the user
interface system must accommodate to each application to
provide the user with the kind of tactile guide and/or feedback
that facilitates the user in the operation of the device 10. In
addition, each user may have a different preference for the
kind of tactile guide and/or feedback that is most useful to
them in facilitating the operation of the device. For example,
while some users may prefer a larger surface area of tactile
guidance, others may prefer a larger degree of deformation of
the surface area of tactile guidance. Because of the large range
of usage scenarios, determining an average user interface
system setting that may accommodate to a relatively large
range of user preferences for each usage scenario requires a
substantial amount of time and research. In addition, because
of' the large range of user preferences, configuring one set of
settings for each use scenario may not provide a user with
their preferred tactile guidance and/or feedback. This inven-
tion allows the user to adjust the characteristics of the user
interface system in order to allow the user interface system to
efficiently accommodate to both the usage scenario and the
user in a large range of devices and usage scenarios.

BRIEF DESCRIPTION OF THE FIGURES

FIGS.1and 2 are a first and second variation of the method
of the preferred embodiments, respectively.

FIG. 3 is a top view of the user interface system of a
preferred embodiment.

FIGS. 4a and 4b are cross-sectional views of the tactile
interface layer of a first and second variation, respectively.
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FIGS. 5a, 55, and 5¢ are cross-sectional views illustrating
the operation of a particular region of the surface of the tactile
interface layer in accordance to the preferred embodiments.

FIGS. 6a and 65 is a representation of a set of variations to
the user interface system.

FIGS. 7-9 are examples of input interfaces provided to the
user on the device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following description of the preferred embodiments of
the invention is not intended to limit the invention to these
preferred embodiments, but rather to enable any person
skilled in the art to make and use this invention.

As shown in FIGS. 1 and 2, the method S100 of the pre-
ferred embodiments for adjusting a user interface for a device
preferably includes providing a user interface to retrieve a
user input Step S110, providing a tactile interface layer that
defines a surface and includes a volume of fluid and a dis-
placement device that manipulates the volume of fluid to
deform a particular region of the surface into a tactilely dis-
tinguishable formation Step S120, retrieving a user prefer-
ence between a first choice of type, location, and/or timing
and a second choice of kind, location, and/or timing through
the user interface Step S130, and manipulating the volume of
fluid to deform a particular region of the surface into a tac-
tilely distinguishable formation of the chosen type, location,
and/or timing Step S140. The tactile interface layer may also
include a sensor that detects a user input at the tactilely
distinguishable formation. In this variation, the step of
retrieving a user preference S130 may also include retrieving
a user preference between a first sensitivity and a second
sensitivity for the sensor through the user interface and the
step of manipulating the volume of fluid to deform a particu-
lar region of the surface Step S140 may include manipulating
the volume of fluid to deform a particular region of the surface
into one of a first embodiment of tactilely distinguishable
formation for the first sensitivity for the sensor and a second
embodiment of tactilely distinguishable formation for the
second sensitivity of the sensor based on the user preference.
The step of providing a user interface to retrieve a user input
S110 may include providing a user interface to retrieve a user
input on the device, providing a user interface to retrieve a
user input on the tactile interface layer, providing a user
interface to retrieve a user input that is on both the device 10
and the tactile interface layer, providing a user interface on a
remote control for the device 10 (for example, a wireless
remote control), or providing a user interface in any other
suitable arrangement.

1. Providing a Tactile Interface Layer

As shown in FIGS. 3 and 4, the tactile interface layer 100
provided in Step S120 of the preferred embodiment includes:
a layer no defining a surface 115, a substrate 120 supporting
the layer no and at least partially defining a fluid vessel 127,
and a displacement device 130 coupled to the fluid vessel 127
that influences the volume of fluid 112 within the fluid vessel
127 to expand and retract at least a portion of the fluid vessel
127, thereby deforming a particular region 113 of the surface
115. The surface 115 is preferably continuous, such that when
swiping a finger across the surface 115 a user would not feel
any substantial seams or any other type of interruption in the
surface 115. Alternatively, the surface 115 may include fea-
tures that facilitate the user in distinguishing one region from
another. The surface 115 is also preferably planar. The surface
115 is preferably arranged in a flat plane, but may alterna-
tively be arranged in a curved plane or on a first plane and then
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wrapped around to a second plane substantially perpendicular
to the first plane, or any other suitable arrangement. The
surface 115 may alternatively include lumps, bumps, depres-
sions, textures, or may be a surface of any other suitable type
or geometry. The fluid vessel 127 preferably includes a cavity
125 and the displacement device 130 preferably influences
the volume of fluid 112 within the cavity 125 to expand and
retract the cavity 125. The fluid vessel 127 may alternatively
be a channel 138 or a combination of a channel 138 and a
cavity 125, as shown in FIG. 4b. As shown in the variation
shown in FIG. 45, the substrate 120 preferably defines a fluid
outlet 116 that allows fluid to flow between the channel 138
and the cavity 125 to deform and un-deform a particular
region of the surface 113. The fluid outlet may be formed into
the substrate, for example, the fluid outlet 116 may be a series
of bores that are machined into the substrate in between the
channel 138 and the cavity 125 as shown in FIG. 45 or an open
orifice between the cavity 125 and the channel 138 as shown
in FIG. 4a, but may alternatively be a property of the material,
for example, the substrate 120 may include a porous material
that includes a series of interconnected cavities that allow
fluid to flow through the substrate 120. The substrate 120 may
define any suitable number of fluid outlets 116 that are of any
suitable size and shape. The tactile interface layer may also
include a fluid outlet layer (not shown) that defines the fluid
outlets 116 that is separate from substrate 120 and arranged in
between the substrate 120 and layer 110. However, any other
suitable arrangement of the fluid outlets 116 may be used. As
shown in FIG. 44, the portion of the substrate 120 (or the fluid
outlet layer) that includes the fluid outlets 116 may also
function to provide a support for the layer no to substantially
prevent the layer 110 from substantially depressing into the
channel 138 when force is applied over the particular region
113. However, the substrate 120 may be arranged in any other
suitable manner and may provide support for the layer no in
any other suitable way.

The layer 110 is preferably attached to the substrate 120 (or
fluid outlet layer) at an attachment point 117 that at least
partially defines the size and/or shape of the particular region
113. In other words, the attachment point 117 functions to
define a border between a deformable particular region of the
surface 113 and the rest of the surface 115 and the size of the
particular region 113 is substantially independent of the size
of the cavity 124 and/or the channel 138. The attachment
point 117 may be a series of continuous points that define an
edge, but may alternatively be a series of non-continuous
points. The attachment point 117 may be formed using, for
example, adhesive, chemical bonding, surface activation,
welding, or any other suitable attachment material and/or
method. The method and material used to form the attach-
ment point 117 is preferably of a similar optical property as
the layer 110 and the substrate 120, but may alternatively be
of any other optical property. Other portions of the layer no
and substrate 120 not corresponding to a particular region of
the surface 113 may also be adhered using similar or identical
materials and methods to the attachment point 117. Alterna-
tively, the layer 110 and substrate 120 may be left unattached
in other portions not corresponding to a particular region of
the surface 113. However, the layer 110 and the substrate 120
may be arranged in any other suitable manner.

The fluid vessel 127 may also include a second cavity 1255.
When the second cavity 1255 is expanded, a second particular
region 113 on the surface 115 is preferably deformed. The
displacement device 130 preferably influences the volume of
fluid 112 within the second cavity 1255 independently of the
cavity 125, but may alternatively influence the volumes of
fluid 112 within both cavity and second cavity 125 and 1255
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substantially concurrently. Alternatively, the user interface
enhancement system 100 may include a second displacement
device 130 that functions to influence the volume of fluid 112
within the second cavity 1255 to expand and retract the sec-
ond cavity 12556, thereby deforming a second particular
region 113 of the surface. The second cavity 1256 is prefer-
ably similar or identical to the cavity 125, but may alterna-
tively be any other suitable kind of cavity. The following
examples may be described as expanding a fluid vessel 127
that includes a cavity 125 and a channel 138, but the fluid
vessel 127 may be any other suitable combination of combi-
nation of cavity 125 and/or channel 138. The tactile interface
layer 100 may also include a display 150 coupled to the
substrate 120 and adapted to output images to the user. As
described above, the tactile interface layer 100 may also
include a sensor 140 that functions to detect inputs from the
user. The sensor 140 may be a capacitive sensor, a pressure
sensor, a touch sensitive display, or any other suitable sensor
type that detects the presence of a user input. The sensor 140
may be located within the fluid vessel 127, substantially adja-
cent to the fluid vessel 127 (as shown in FIGS. 4a and 4b),
remote from the fluid vessel 127, remote from a cavity 125 but
fluidly coupled to the fluid vessel 127, or in any other suitable
location.

The tactile interface layer 100 of the preferred embodi-
ments has been specifically designed to be used as the user
interface for an electronic device 10, more preferably in an
electronic device 10 that benefits from an adaptive user inter-
face. The electronic device 10 may or may not include a
display and/or a touch sensor, for example, an automotive
console, a desktop computer, a laptop computer, a tablet
computer, a television, a radio, a desk phone, a mobile phone,
aPDA, apersonal navigation device, a personal media player,
a camera, a watch, a remote control, a mouse, a trackpad, or a
keyboard. The tactile interface layer 100 may, however, be
used as the user interface for any suitable device 10 that
interfaces with a user in a tactile and/or visual manner. The
tactile interface layer 100 is preferably integrated with the
device, for example, in the variation wherein the tactile inter-
face layer 100 includes a sensor 140, the tactile interface layer
100 is preferably assembled into the device 10 and presented
to the user as one unit. Alternatively, the tactile interface layer
100 may function as an accessory to a device 10, the user may
be presented the tactile interface layer 100 and the device 10
as two separate units wherein, when coupled to each other, the
tactile interface layer 100 functions to provide tactile guid-
ance to the user and/or to receive user inputs. However, any
other suitable arrangement of the tactile interface layer 100
may be used.

As shown in FIG. 5, the surface 115 of the tactile interface
layer 100 preferably remains flat until tactile guidance isto be
provided to the user at the location of the particular region
113. The displacement device 130 then preferably expands
the cavity 125 to expand the particular region 113 outward,
forming a deformation that may be felt by a user, and provid-
ing tactile guidance for the user. The expanded particular
region 113 preferably also provides tactile feedback to the
user when he or she applies force onto the particular region
113 to provide input. Alternatively, the displacement device
130 may retract the cavity 125 to deform the particular region
113 inward. However, any other suitable deformation of the
particular region 113 may be used.

As shown in FIG. 5, the cavity 125 of the fluid vessel 127
of the preferred embodiment functions to hold a volume of
fluid 112 and to have at least two volumetric settings: a
retracted volume setting (shown in FIG. 5a) and an extended
volume setting (shown in FI1G. 556). The fluid 112 is preferably



US 9,229,571 B2

5

a substantially incompressible fluid, but may alternatively be
acompressible fluid. The fluid 112 is preferably a liquid (such
as water, oil, glycerin, or ethylene glycol), but may alterna-
tively be a gas (such as air, nitrogen, or argon) or any other
substance (such as a gel or aerogel) that expands the cavity
125 and deforms the surface 115. In the extended volume
setting, the cavity 125 deforms the particular region 113 of the
surface 115 above the plane of the other regions of the surface
115. When used with a mobile phone device, the deformation
of'the particular region 113 preferably has a diameter of 2-10
mm and the cavity 125 may be of a substantially equal diam-
eter as the deformation of the particular region 113 or may be
of a smaller or larger diameter. When used with this or other
applications, however, the cavity 125 may have any suitable
dimension.

The displacement device 130 of the preferred embodiment
functions to influence the volume of the fluid 112 with the
fluid vessel 127 to expand and retract at least a portion of the
fluid vessel 127, thereby deforming a particular region 113
(and/or a second particular region 113) of the surface 115.
When used with a mobile phone device, the displacement
device 130 preferably increases the volume of the fluid 112
within the fluid vessel 127 by approximately 0.003-0.1 ml to
expand the cavity 125 to outwardly deform a particular region
113. When used with this or other applications, however, the
volume of the fluid may be increased (or possibly decreased)
by any suitable amount. The displacement device 130 pref-
erably modifies the volume of the fluid 112 by (1) modifying
the volume of the existing fluid 112 in the fluid vessel 127, or
(2) adding and removing fluid 112 to and from the fluid vessel
127. The displacement device 130 may, however, influence
the volume of the fluid 112 by any suitable device or method.
Modifying the volume of the existing fluid 112 in the fluid
vessel 127 most likely has an advantage of lesser complexity,
while adding and removing fluid 112 to and from the fluid
vessel 127 most likely has an advantage of maintaining the
deformation of the surface 115 without the need for additional
energy (if valves or other lockable mechanisms are used).
Although the cause of the deformation of a particular region
113 of the surface 115 has been described as a modification of
the volume of the fluid in the fluid vessel 127, it is possible to
describe the cause of the deformation as an increase or
decrease in the pressure below the surface 115 relative to the
pressure above the surface 115. When used with a mobile
phone device, an increase of approximately 0.1-10.0 psi
between the pressure below the layer 110 relative to the
pressure above the layer 110, is preferably enough to out-
wardly deform a particular region 113 of the surface 115.
‘When used with this or other applications, however, the modi-
fication of the pressure may be increased (or possibly
decreased) by any suitable amount.

The shape of the deformation of the particular region 113 is
preferably one that is felt by a user through their finger and
preferably acts as (i) a button that can be pressed by the user,
(2) a slider that can be pressed by the user in one location
along the slider or that can be swept in a sliding motion along
the slider (such as the “click wheel” of the second generation
Apple iPod), and/or (3) a pointing stick that can be pressed by
the user from multiple directions and/or locations along the
surface whereby the user is provided with tactile feedback
that distinguishes a first directional touch from a second
directional touch and/or atouch in a first location from a touch
in a second location (such as the pointing stick trademarked
by IBM as the TRACKPOINT and by Synaptics as the
TOUCHSTYK (which are both informally known as the
“nipple”)). The deformation may, however, act as any other
suitable device or method that provides suitable tactile guid-

10

15

20

25

30

35

40

45

50

55

60

65

6

ance and feedback. In the variation including a display 150,
the shape of the deformation of the particular region 113 also
preferably functions to minimize the optical distortion of the
image underneath the deformed particular region 113.
2. Retrieving a User Preference and Manipulating the Volume
of Fluid

The user preference retrieved in Step S130 is preferably
one of the following embodiments: a first embodiment for the
operation of the tactile interface layer 100, a second embodi-
ment for interaction between the device and the tactile inter-
face layer, and a third embodiment for operation of the device.
The step of retrieving a user preference S130 of the first
embodiment preferably includes retrieving a user preference
for the operation of the tactile interface layer Step S132 and
the step of manipulating the volume of fluid to deform a
particular region of the surface of the first embodiment S140
preferably includes manipulating the volume of fluid to
deform a particular region of the surface based on the user
preference for the operation of the tactile layer Step S142. The
step of retrieving a user preference S130 of the second
embodiment preferably includes retrieving a user preference
for the interaction between the device 10 and the tactile inter-
face layer Step S134 and the step of manipulating the volume
offluid to deform a particular region of the surface S140 of the
second embodiment preferably includes manipulating the
volume of fluid to deform a particular region on the surface
based on the user preference for the interaction between the
device 10 and the tactile interface layer Step S144. The step of
retrieving a user preference S130 of the third embodiment
preferably includes retrieving a user preference for the opera-
tion of the device Step S133. A user preference for the opera-
tion of the device may be a user preference for vibrating
and/or producing a sound when a particular region 113 is
deformed or when a particular application of the device is
actuated. Alternatively, a user preference for the operation of
the device may include a user preference for the loudness of
the sound produced and/or the magnitude of the vibration
produced. However, the user preference for the operation of
the device may be any other suitable kind of preference for an
application of the device.
2.1 User Preference of a First Embodiment

A user preference of the first embodiment may be one of
several variations: (i) a preference for the geometry of the
deformation (e.g., the size of the deformed particular region
113), (2) a preference for the tactile feel of the deformation
(e.g., the firmness of the deformation), (3) a preference for the
performance of the deformation (e.g., the deformation rate of
the particular region 113 and/or the time that the particular
region 113 is deformed), (4) a preference for the sensitivity of
the sensor 140 (for example, sensitivity at the deformed par-
ticular region 113, sensitivity at the un-deformed particular
region 113, or sensitivity for any other suitable state or loca-
tion along the surface 115) or (5) a preference for the location
of the particular region 113 relative to the tactile interface
layer 100. In the variation of the fluid vessel 127 that includes
a second cavity 1255 that corresponds to a second particular
region 113, a sixth variation may include a preference for
which of the particular region 113 and/or second particular
region 113 to deform. In the variation of the tactile interface
layer that includes a display 150, a seventh variation may
include a preference for a tactilely distinguishable formation
independent of the operation of the display 150. However, any
other suitable user preference for the operation of the tactile
interface layer may be retrieved through the user interface in
Step S132.
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The volume of fluid may be manipulated in one of several
variations to deform a particular region of the surface based
on the user preference for the operation of the tactile layer
S142.

A first variation of manipulating the volume of fluid to
deform a particular region of the surface based on the user
preference for the operation of the tactile interface layer S142
preferably includes adjusting the operation of the displace-
ment device 130 and is preferably applied to the first, second,
and/or third variation of a user preference of the first embodi-
ment. In particular, adjusting the operation of the displace-
ment device 130 is preferably used to adjust the geometry,
tactile feel, and performance of the deformation of the par-
ticular region 113. As mentioned above, the cause of the
deformation of the particular region 113 may be thought of as
an increase in the pressure below the surface 115 relative to
the pressure above the surface 115. The displacement device
130 functions to provide this increase in pressure by modify-
ing the volume of fluid 112 within the cavity 125. For
example, the level of increase in the volume of fluid 112
within the cavity 125 directly influences the level of increase
of the pressure below the surface 115, and by changing the
level of increase in pressure below the surface 115 relative to
the pressure above the surface 115, characteristics such as the
firmness and the height of the deformation of the particular
region 113 may be adjusted. The rate of increase of the pres-
sure below the surface 115 relative to the pressure above the
surface 115 may also affect the rate at which the deformation
of the particular region 113 occurs. Similarly, the length of
time that the displacement device 130 provides the increased
pressure is directly related to the length of time that a particu-
lar region is deformed. By providing adjustments through
varying the operation parameters of the displacement device
130 in this first variation, the number of available adjustment
settings is directly related to the number of available varia-
tions in the operation parameters of the displacement device
130. For example, in adjusting the firmness of the deforma-
tion of the particular region 113, the tactile interface layer 100
may provide a minimum firmness and a maximum firmness
with a substantially large number of firmness level settings in
between the minimum and maximum firmness, each corre-
lating with a volume increase within the cavity 125 that a
displacement device 130 of'the first variation may induce or a
volume of fluid 112 that a displacement device 130 may
provide. This may provide the user with the ability to apply an
adjustment setting that is substantially close to their personal
preference. The number of available settings may be less than
the number of available variations in the operation parameters
of'the displacement device 130 to decrease complexity. How-
ever, any other suitable number of adjustment settings may be
provided to the user.

In another example of the first variation, adjusting the
operation of the displacement device 130 may be applied to
the fifth variation of the user preference of the first embodi-
ment where the user provides a preference for the location of
the particular region 113 relative to the tactile interface layer
100 and/or the sixth variation where there is a second cavity
1255 and the user provides a preference for which of the
particular region 113 and/or second particular region 113 to
deform. In particular, the displacement device 130 may func-
tion to selectively expand the cavity 125 and/or the second
cavity 1255 corresponding to a particular region 113 that is
indicated in the user preference. The user may select one
particular region from a first and a second particular region
that they desire to be expanded to provide tactile guidance in
a certain user scenario. Alternatively, there may be a plurality
of'cavities 125 and second cavities 1255 that are arranged into
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a first group and a second group. In an example of a user
selection for a particular usage scenario, the first group may
include a first spacing in between each particular region 113
of'the first group and the second group may include a second
spacing in between each particular region 113 of the second
group, as shown in FIGS. 64 and 6b. A user may prefer the
second spacing (for example, a larger spacing) and select to
expand the second group during use. The displacement device
130 then functions to expand the second group for the par-
ticular usage scenario. Any other variations to the operation
parameters of the displacement device 130 may be used to
adjust the characteristics of the first embodiment of the tactile
interface layer 100.

A second variation of manipulating the volume of fluid to
deform a particular region of the surface based on the user
preference for the operation of the tactile interface layer S142
preferably includes adjusting the deformation of the particu-
lar region 113 to set a user preference of the fourth variation
for the sensitivity of the sensor 140. For example, the sensor
140 may be a capacitive sensor that detects the presence of the
finger of the user at a distance away from the surface 115. To
decrease the sensitivity of the sensor 140, the height of the
deformation of the particular region 113 may be increased
such that, when the finger of the user is resting on the top of
the deformed particular region 113, a user input is not regis-
tered. In other words, the equivalent sensitivity of the sensor
may be decreased while the actual sensitivity of the sensor
remains the same. Alternatively, the sensitivity of the sensor
140 may be adjusted by adjusting the operation of the sensor
140. In one example, the thresholds for the sensor 140 to
register a user input may be adjusted. In the variation wherein
the sensor 140 is a touch sensitive display, a touch at any
location along the display may register as a user input regard-
less of the presence of a particular region 113, preventing the
user from resting their finger on a deformed particular region
113 as a user would normally be able to do on a static tactile
interface such as those found on a remote control with
mechanical buttons or a Blackberry mobile phone. In this
variation, the user may input a user preference for a lower
sensitivity for the sensor 140 wherein a user input is regis-
tered only if the finger is at a certain distance away from the
touch sensitive display, preferably one wherein the distance is
less than the distance between the most distant point of the
deformation of the particular region 113 from the surface 115,
allowing the user to rest their finger on the deformation and
the sensor 140 only registering a user input when the defor-
mation is inwardly deformed by force applied by the user. In
the variation wherein the sensor 140 is a capacitive or a
pressure sensor, the sensitivity of the sensor 140 may be
adjusted such that a user input is registered with a certain
degree of change in capacitive or pressure reading. However,
any other suitable adjustment to the sensitivity of the sensor
140 may be provided to the user.

In another example of adjusting the operation of the sensor
140, readings from the sensor 140 may be ignored and/or the
sensor 140 may be disabled. In the variation wherein the
sensor 140 is a touch sensitive display, certain portions of the
touch sensitive display may be disabled and/or readings from
certain portions of the touch sensitive display may be ignored.
For example, for certain usage scenarios, the particular region
113 that is deformed may be on a first portion of the touch
sensitive display. The user may input a user preference to
disable the remaining portions of the touch sensitive display
to prevent undesired touch inputs, but may alternatively allow
the remaining portions of the touch sensitive display to con-
tinue to receive touch inputs, allowing the user to select
options that are displayed in a location wherein the particular
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region 113 is not deformed. However, any other suitable
combination of ignored readings, disabled sensing, and/or
enabled sensing may be used.

A third variation of manipulating the volume of fluid to
deform a particular region of the surface based on the user
preference for the operation of the tactile interface layer S142
preferably includes manipulating the volume of fluid to
deform a particular region of the surface independently of the
state of the display 140 and is preferably applied to the sev-
enth variation of a user preference of the first embodiment to
set a user preference for a tactilely distinguishable formation
independent of the operation of the display 150. For example,
the user preference may include disabling the display 150
while enabling the sensor 140. Subsequently, the volume of
fluid is manipulated to expand a particular region of the
surface. Because the tactile interface layer 100 provides tac-
tile guidance, the visual guidance provided by the display 150
is not necessary in certain scenarios to guide the user in the
user of the device 10. Disabling the display 150 allows the
device 10 to conserve energy, potentially extending the use
time per charge of the device 10 if the device 10 is a portable
device such as a camera or a cellular phone.

The user preferences for the operation of the tactile inter-
face layer 100 retrieved in Step S132 are preferably one of the
variations as described above but may alternatively be any
other suitable combination of or any other kind of user pref-
erence for the operation of the tactile interface layer 100. The
volume of fluid is preferably manipulated in Step S142 using
a system or method described above, but may alternatively be
acombination of the systems and/or methods described above
or any other suitable system or method.

2.2 User Preference of a Second Embodiment

A user preference for the interaction between the device
and the tactile interface layer retrieved in Step S132 may also
be of one of several variations. In a first variation, the user
preference of the second embodiment may be a preference for
the location of the particular region 113 relative to the device
10. For example, the user may indicate the location of the
particular region 113 relative to the device 10 that best fits the
size of his or her hand. In a second variation, the tactile
interface layer 100 may include a second cavity 1255 that
corresponds to a second particular region 113, and the user
preference of the second embodiment may be a preference for
the location of a particular region 113 relative to another
particular region 113. For example, the displacement device
130 may manipulate fluid to deform a plurality of particular
regions 113 into tactilely distinguishable formations that
cooperatively represent a keyboard layout and the user pref-
erence may be a preference for the relative location between
the keys of the keyboard, as shown in FIGS. 6a and 654. By
allowing the user to provide a preference for the relative
location between the keys ofthe keyboard the tactile interface
layer 100 is substantially customized to each individual user,
which may increase the usability of the keyboard and may
potentially decrease the risk of repetitive stress syndrome.

A third variation of a user preference of the second embodi-
ment may include a preference for the timing for the actuation
of a deformation. As an example, the user preference may
include the preference for actuation of a deformation when a
particular application of the device is actuated. The tactile
interface layer 100 may define a plurality of particular regions
113 that cooperatively represent a numeric keypad and device
10 may include a phone application and the user preference
may be to actuate the deformation of the plurality of particular
regions 113 when the phone application is actuated. In
another example, the displacement device 130 may manipu-
late fluid to deform a plurality of particular regions 113 into
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tactilely distinguishable formations that cooperatively repre-
sent a QWERTY keyboard and the device 10 may include a
typing application and the user preference may be to actuate
the expansion of the QWERTY keyboard when the user ini-
tiates a typing application. In yet another example, the dis-
placement device 130 may manipulate fluid to deform a plu-
rality of particular regions 113 into tactilely distinguishable
formations and the user preference may include a preference
for the actuation of the deformation of a particular tactilely
distinguishable formation at a particular timing. The plurality
tactilely distinguishable formations cooperatively represent a
keyboard and the user preference preferably includes a pref-
erence for a tactilely distinguishable region representing a
particular key.

The user preference for interaction between the device 10
and the tactile interface layer 100 retrieved in Step S134 is
preferably one of the variations as described above but may
alternatively be any other suitable combination of or any other
kind of user preference for the operation of the device 10
and/or interaction between the device 10 and the tactile inter-
face layer 100.

The volume of fluid is preferably manipulated in Step S144
using a system or method described above for the step of
manipulating the volume of fluid to deform a particular region
of the surface Step S142, but may alternatively be a combi-
nation of the systems and/or methods described above or any
other suitable system or method. The manipulation of the
fluid is preferably actuated by a processing unit of the device
10, for example, actuating the expansion of the desired cavity
125 during certain usage scenarios such as incoming phone
calls on a phone. However, any other suitable interaction
between the device 10 and the tactile interface layer 100 may
be used.

3. Providing a User Interface

As described above, the user interface provided in Step
S110 to retrieve a user input may be provided on the tactile
interface layer 100, which may allow the user to have a direct
tactile comparison between different available settings for the
tactile interface layer 100; on both the device 10 and the
tactile interface layer 100, which may allow the device 10 and
the tactile interface layer 100 to cooperatively provide a user
interface for the user; on the device 10; or in any other suitable
arrangement. The device 10 and/or the tactile interface layer
100 preferably enters a “customization mode” wherein the
user is prompted to provide inputs for user preferences that
preferably do not register as any other kind of input. The user
interface tactile, visual, audible, or in any other suitable kind
of media.

In a first variation of the user interface, the interface is
provided on the tactile interface layer 100. In a first example
of the user interface of the first variation, the user interface
may provide a plurality of expanded cavities 125 and/or 1255
that result in a plurality of deformed particular regions 113 on
the tactile interface layer 100, wherein each of the plurality of
deformed particular regions 113 is of a different characteristic
such as a different degree of firmness and/or a different shape.
The user then selects the particular region 113 that best fits
their preferences and the selection is detected by the sensor
140 and sent to a processing unit in the tactile interface layer
100 and/or a processing unit in the device 10.

In a second example of the first variation, the user interface
may provide a deformed particular region 113 in the form of
a slider on the tactile interface layer 100. The slider may
include a plurality of regions, each region representing a
different degree of a characteristic such as firmness, size,
and/or distance between deformations. The user may slide
their finger along the slider to experience the various degrees
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of the characteristic and select the desired degree. The selec-
tion may be inputted by providing force at the location along
the slider of the degree they select, but may alternatively be a
selection inputted adjacent to the slider or any other suitable
location or kind of input.

In a third example of the first variation, the user interface
may provide a deformed particular region 113 in the form of
a slider and another particular region 113 in the form of an
“example region” on the tactile interface layer 100. The user
may adjust the position of the slider to adjust the option for
adjustment demonstrated by the “example region.” The user
may tactilely feel the example region as they adjust the slider
and then select their desired adjustment. The slider is prefer-
ably of a uniform characteristic to decrease the tactile varia-
tions felt by the user and to potentially decrease confusion,
but may alternatively emulate the adjustment demonstrated
by the example region to allow the user to tactilely feel the
adjusted characteristic on more than one location or shape of
deformed particular region.

In a fourth example of the first variation, the user interface
may provide a deformed particular region 113 that transitions
in between different degrees of a characteristic such as firm-
ness, or size and the user selects the desired degree. The
transitions are preferably cyclic and repeat the range of
degrees for the user to experience as many times as necessary
before making a selection. The user may input the selection as
the deformed particular region 113 is demonstrating the vari-
ous available options, but may alternatively input the selec-
tion after the deformed particular region 113 has demon-
strated the available options. The rate of demonstration by the
deformed particular region 113 is preferably at a slow rate to
allow the user to adequately examine the option for their
decision, but may alternatively be an adjustable rate or any
other suitable rate.

In a fifth example of the first variation, the user interface
may provide a plurality of cavities 125 that may correspond
to, for example, a keyboard layout. A plurality of cavities 125
is expanded and a plurality of deformed particular regions of
the surface 113 is presented to the user. The user may then
select the set of deformed particular regions of the surface 113
that best fit their hand shape for a particular application as
described in the second variation of a user preference of the
second embodiment retrieved in Step S134 and as shown in
FIGS. 4a and 4. In the example of a keyboard layout, the user
may select the set of deformed particular regions that best
match their hand size and shape, allowing for a more person-
alized keyboard layout for each individual user, potentially
decreasing the risk of repetitive stress disorder that may result
from arranging the hand of the user in an uncomfortable and
stresstul position. In the example of the keyboard layout, the
user may be presented with a plurality of options for the
location of the deformed particular region that corresponds to
each keyboard key. The options for the location of each key
may be presented concurrently with the options for every
other key in the keyboard, but may alternatively be presented
to the user one after the other. However, any other suitable
method to allow the user to select their desired location of
each key may be used. Once the location of each key is
determined, the user may then be prompted to select the
desired height and/or firmness of each key, allowing the user
interface system to accommodate to the natural angle of the
user’s hands, further decreasing the potential of repetitive
stress syndrome.

In asecond variation of the user interface, the user interface
is provided on the device 10. This variation is particularly
applicable in retrieving a user preference for the interaction of
the device and the tactile interface layer S134. The user inter-
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face as provide on the device 10 is preferably applied to a
device 10 that includes a display 150 that provides an image
to communicate to the user, but may alternatively be applied
to any other suitable kind of device, for example, a device that
includes a speaker to communicate with the user, or a device
that provides a vibration to communicate with the user. In a
first example of the second variation of the user interface, as
shown in FIG. 7, the user interface may provide a series of
check boxes where the user may choose options for the actua-
tion of the deformation of the particular region 113 (such as to
retrieve a user preference for the actuation of a deformation in
the third variation of the user preference of the second
embodiment). As shown in FIG. 7, the user may select to
actuate the deformation of the particular region 113 when the
“place call,” “receive call,” “email,” etc, application of the
device 10 is actuated. Additionally, the user may provide a
preference for the arrangement of the particular region 113
that is to be deformed, for example, a QWERTY keyboard or
a numeric keypad.

In a second example of the second variation, as shown in
FIG. 8, the user interface may provide an interface on the
device 10 that allows the user to provide a preference for the
operation of the tactile interface layer 100. In other words, a
user interface to retrieve a user preference for the operation of
the tactile layer 100 (the first embodiment of user preference)
may be provided on the device 10. This example of the second
variation of the user interface may function similarly to the
second and third example of the user interface of the first
variation that provide a slider on the tactile interface layer
100.

In athird example of the second variation, as shown in FI1G.
9, the user interface may provide an interface on the device 10
that allows the user to provide a preference for the operation
of the device, for example, vibrating and/or producing a
sound when a particular region 113 is deformed or when a
particular application of the device is actuated. This is par-
ticularly applicable to retrieving a user preference for the
operation of the device in Step S133.

In a fourth example of the second variation, the user inter-
face may allow the user to select the desired location for a
particular region. For example, in the variation where the
device 10 includes an application which uses a keyboard, the
user interface may prompt the user to select the desired loca-
tion for each key in a keyboard instead of providing options to
the user for the location of each key in the keyboard. The user
may alternatively be asked to place the fingers of their hand in
the most natural position onto the tactile interface layer 100.
The location of each finger is detected and the cavity 125 and
particular region of the surface 113 that is substantially adja-
centto the location of the finger is then selected as the location
of the keyboard key.

In a third variation of the user interface, the user interface
may be is provided on a device that is external to both the
device 10 and the tactile interface layer 100. For example, the
user interface may be provided an application on the Internet,
on a personal computer, or any other suitable medium.

The user interface of the preferred embodiments is prefer-
ably one of the variations described above, but may alterna-
tively be a combination of the variations described above. For
example, the user interface may provide a slider on the device
10 that functions to control the characteristic of an “example
region” on the tactile interface layer 100, allowing the device
10 and the tactile interface layer 100 to cooperatively provide
a user interface to the user. The device may also provide a
visual indicator (for example, a numerical level setting) that
indicates the level of a particular setting. This may facilitate in
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communicating setting options to the user. However, any
other suitable user interface may be used.

As shown in FIGS. 1 and 2, a processing unit retrieves a
user preference that is provided by the user on the user inter-
face S130 and sets the user preferences to the operating con-
ditions S140. The processing unit may actuate the manipula-
tion of the volume of fluid based on the user preferences to the
operation of the tactile interface layer S132, the operation of
the device S133, and/or the interaction between the device
and the tactile interface layer S134. In a first variation, the
processing unit may be included into the tactile interface layer
100 and may also function to control the displacement device
130, sensor 140 and/or the display 150. The processing unit
may communicate directly with the components of the tactile
interface layer 100 (e.g. the displacement device 130, but may
alternatively communicate with the components of the tactile
interface layer 100 in any other suitable manner. The process-
ing unit of this first variation may function to communicate
with a processing unit of the device 10 to receive signals
representing user selections.

In a second variation, the processing unit may be included
into the device 10 and may also function to control the appli-
cations of the device 10. The processing unit of this second
variation may communicate directly with the components of
the tactile interface layer 100 (e.g. the displacement device
130), but may alternatively communicate to the components
of'the tactile interface layer 100 in any other suitable manner.
The processing unit of this second variation may communi-
cate with the components of the tactile interface layer 100
through a wired communication protocol, a wireless commu-
nication protocol, or any other suitable kind of communica-
tion protocol.

In a third variation, the processing unit may be external to
both the tactile interface layer 100 and the device 10, for
example, a personal computer that is communicably coupled
to the tactile interface layer 100 and/or the device 10. In this
variation, when the user desires to provide and/or apply user
preferences to operating conditions, the device and/or the
tactile layer 100 may be connected to a personal computer
that may include an interface that allows the user to provide a
user preference.

The processing unit of the preferred embodiments is pref-
erably one of the variations as described above, but may
alternatively be any combination of the above variations. For
example, the tactile interface layer 100 may include a pro-
cessing unit that functions to control the tactile interface layer
100 and the device 10 may include a processing unit that
functions to control the device 10. The processing units of the
tactile interface layer 100 and the device 10 may function to
communicate with each other to provide control for an oper-
ating condition. In this variation, the processing unit of the
tactile interface layer 100 may communicate with the pro-
cessing unit of the device 10 through a wired communication
protocol, a wireless communication protocol, or any other
suitable kind of communication protocol. However, any other
suitable arrangement of the processing unit may be used.

As a person skilled in the art will recognize from the
previous detailed description and from the figures and claims,
modifications and changes can be made to the preferred
embodiments of the invention without departing from the
scope of this invention defined in the following claims.

We claim:

1. A method, for adjusting a user interface of' a computing
device, comprising:

displaying a range of parameter levels between a minimum

parameter level and a maximum parameter level for a
button rise time;

10

15

20

25

30

35

40

45

50

55

60

65

14

receiving a parameter level selection from the range of

parameter levels;

receiving a retract time selection from a range of retract

times between a minimum retract time and a maximum
retract time;

rendering an input graphic on a display of the computing

device;

correlating the parameter level selection with a rate of fluid

displacement for the button rise time;

displacing a volume of fluid into a cavity arranged over the

input graphic on the display at the rate of fluid displace-
ment to expand a deformable region corresponding to
the input graphic from a retracted setting into an
expanded setting, the deformable region flush with an
adjacent peripheral region in the retracted setting and
offset above the peripheral region in the expanded set-
ting;

displacing fluid, at a second flow rate, out of the cavity to

retract the deformable region from the expanded setting
into the retracted setting, wherein displacing fluid out of
the cavity comprises displacing fluid out of the cavity at
the second flow rate corresponding to the retract selec-
tion; and

sensing an input on the deformable region.

2. The method of claim 1, further comprising receiving a
button firmness level selection from a range of button firm-
ness levels between a minimum button firmness level and a
maximum button firmness level, and wherein displacing the
volume of fluid into the cavity comprises displacing the vol-
ume of fluid corresponding to the button firmness level selec-
tion into the cavity.

3. The method of claim 2, wherein displacing the volume of
fluid into the cavity comprises displacing fluid into the cavity
until a fluid pressure within the cavity reaches a target fluid
pressure corresponding to the button firmness preference.

4. The method of claim 1, further comprising receiving a
button height selection from a range of button heights
between a minimum button height and a maximum button
height, and displacing the volume of fluid into the cavity to
expand the deformable region according to the button height
selection.

5. The method of claim 4, wherein displacing the volume of
fluid into the cavity comprises correlating the button height
preference with a target fluid volume between 0.003 millili-
ters and 0.1 milliliters and displacing the target fluid volume
into the cavity.

6. The method of claim 1, further comprising receiving a
button size selection from a range of button sizes between a
minimum button size and a maximum button size; wherein
displacing the volume of fluid into the cavity comprises dis-
placing the volume of fluid corresponding to the button size
selection into the cavity.

7. The method of claim 1, further comprising displaying a
second input graphic on the display, the second input graphic
different from and adjacent the input graphic, and further
comprising displacing a second volume of fluid into a second
cavity arranged over the second input graphic on the display
at arate corresponding to the parameter level selection for the
button rise time to expand a second deformable region corre-
sponding to the second input graphic from a retracted setting
into an expanded setting, the second deformable region flush
with an adjacent peripheral region in the retracted setting and
offset above the peripheral region in the expanded setting.

8. The method of claim 7, wherein displacing the second
volume of fluid into the second cavity comprises displacing
the volume of fluid into the cavity and the second volume of
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fluid into the second cavity substantially simultaneously, the
volume of fluid and the second volume of fluid substantially
equivalent.

9. The method of claim 7, wherein displaying the input
graphic on the display and displaying the second input
graphic on the display comprise displaying a virtual alpha-
betical keyboard on the display, the input graphic and the
deformable region corresponding to a first alphabetical char-
acter and the second input graphic and the second deformable
region corresponding to a second alphabetical character.

10. The method of claim 1, wherein sensing the input on the
deformable region comprises detecting a degree of change in
capacitance of a capacitive touch sensor proximal the deform-
able region and correlating the degree of change in capaci-
tance with an input on the deformable region.

11. The method of claim 1, wherein displacing the volume
of fluid into the cavity comprises actuating a pump fluidly
coupled to the cavity for a duration of time corresponding to
the parameter level selection for the button rise time.

12. A method for adjusting a user interface of a computing
device comprising:

displaying a range of parameter levels between a minimum

parameter level and a maximum parameter level for a
button rise time;

receiving a parameter level selection from the range of

parameter levels;

receiving a retract time selection from a range of retract

times between a minimum retract time and a maximum
retract time;

displaying a input graphic on a display of the computing

device;

displacing fluid, at a flow rate corresponding to the param-

eter level selection for the button rise time, into a cavity
arranged over the input graphic on the display to expand
a deformable region corresponding to the input graphic
from a retracted setting into an expanded setting, the
deformable region flush with an adjacent peripheral
region in the retracted setting and offset above the
peripheral region in the expanded setting;

displacing fluid, at a second flow rate, out of the cavity to

retract the deformable region from the expanded setting
into the retracted setting, wherein displacing fluid out of
the cavity comprises displacing fluid out of the cavity at
the second flow rate corresponding to the retract time
selection; and

sensing an input on the deformable region.

13. The method of claim 12, further comprising receiving
a button size selection from a range of button sizes between a
minimum button size and a maximum button size; wherein
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displacing the volume of fluid into the cavity comprises dis-
placing the volume of fluid corresponding to the button size
selection into the cavity.

14. A method for manipulating a tactile interface layer
comprising a tactile layer, a substrate, and a displacement
device, the tactile layer defining a deformable region and a
peripheral region, the substrate defining a fluid channel and a
cavity adjacent the deformable region and fluidly coupled to
the fluid channel, the displacement device manipulating fluid
through the fluid channel into the cavity, the method compris-
ing:

displaying a range of parameter levels between a minimum

parameter level and a maximum parameter level for a
button height;

receiving a parameter level selection for a button height
from the range of parameter levels;

receiving a retract time selection from a range of retract
times between a minimum retract time and a maximum
retract time;

rendering an input graphic on a display of the computing
device substantially aligned with deformable region;

correlating the parameter level selection with a particular
displacement volume of fluid;

defining a retracted setting of the deformable region sub-
stantially planar with the peripheral region and a maxi-
mum expanded setting offset from the peripheral region
and tactilely distinguishable from the peripheral region,
the maximum expanded setting substantially corre-
sponding to the maximum parameter level;

displacing the particular displacement volume of fluid into
the cavity to expand a deformable region corresponding
to the input graphic from the retracted setting into a
particular expanded setting corresponding to the param-
eter level selection; and

displacing fluid, at a second flow rate, out of the cavity to
retract the deformable region from the expanded setting
into the retracted setting, wherein displacing fluid out of
the cavity comprises displacing fluid out of the cavity at
the second flow rate corresponding to the retract time
selection.

15. The method of claim 14, wherein displacing the par-
ticular displacement volume of fluid into the cavity comprises
displacing fluid into the cavity until a fluid pressure within the
cavity reaches a target fluid pressure corresponding to the
parameter level selection.
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